Background: Ciclesonide is an inhaled corticosteroid administered by a metered dose inhaler (MDI) to treat bronchial asthma. After inhalation, the inactive ciclesonide is converted by esterases in the airways to active metabolite desisobutyryl-ciclesonide (des-CIC). Aim: To compare the pharmacokinetic (PK) parameters of des-CIC in children after administration of therapeutic dose of ciclesonide with and without spacer (AeroChamber Plus TM ). Methods: Open-label, 3 period, cross over, repeated dose, PK study in 37 children with mild to moderate stable asthma (age: 6-11 y; body weight: 20-53 kg). During each 7-day treatment period, ciclesonide was inhaled once in the morning: A) 160 µg MDI with spacer, B) 80 µg MDI with spacer, and C) 160 µg MDI without spacer. Serum PK parameters of ciclesonide and des-CIC were determined on Day 7 of each period. The primary PK parameters were the AUC τ and C max for des-CIC. Results: Inhaling ciclesonide with spacer led to a dose proportional systemic exposure (AUC τ ) of des-CIC (0.316 µg*h/L for 80 µg and 0.663 µg*h/L for 160 µg). The dose-normalized systemic exposure for des-CIC (based on AUC τ ) was 27% higher after inhalation of ciclesonide 80 µg or 160 µg with spacer than without spacer; the corresponding C max values for des-CIC were, respectively, 63% and 55% higher with spacer. No clinically relevant abnormalities or adverse drug reactions were observed. Conclusions: Inhalation of therapeutic ciclesonide dose with spacer led to a slight increase in the systemic exposure of des-CIC, which does not warrant dose adjustment.
Introduction
Asthma is a chronic inflammatory disease of the airways, manifested by airway hyper-responsiveness, acute bronchoconstriction, airway edema, and mucous plugging. Inhaled corticosteroids (ICS) are the most effective drugs available to treat chronic asthma and are recommended by current international guidelines as first line therapy for patients of all ages with persistent asthma of all severities. [1] [2] [3] Ciclesonide is a single isomer corticosteroid that was developed for the treatment of bronchial asthma, using a metered dose inhaler (MDI) with a propellant hydrofluoroalkane (HFA)-134a. The lung deposition of ciclesonide is more than 50% in healthy subjects and patients with asthma 4, 5 and this finding is consistent with the pharmacokinetic investigations in both groups. 6 Following inhalation of ciclesonide, the inactive parent compound ciclesonide is converted by esterases in the airways tissue to the pharmacologically active metabolite desisobutyryl-ciclesonide (des-CIC), which has a relative glucocorticoid receptor affinity of 1200 (receptor affinity of dexamethasone = 100 ). The oral bioavailability of ciclesonide is negligible (,1%); thus, the swallowed drug does not contribute to systemic bioavailability. About 99% of ciclesonide and des-CIC bind to plasma protein and both are rapidly cleared from the systemic circulation. These properties ensure high local anti-inflammatory activity of des-CIC in the lung associated with low systemic activity.
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The efficacy and safety of ciclesonide with the dose 80 µg/day or 160 µg/day in treatment of asthma has been demonstrated in several studies with adults, 7, [12] [13] [14] adolescent, 15 and children. [16] [17] [18] [19] [20] Efficacy of any drug delivered via MDI depends not only on the therapeutic compound, its galenic formulation, and particle size distribution but also on the user's good 'hand-lung coordination' with simultaneous release of the actuator on the MDI and breathing in of the released drug. Spacer devices can reduce coordination difficulties and accommodate delivery of the drug to the lung. Spacers may not be required for patients with good inhalation technique. However, especially in young children, elderly, or disabled persons, spacers can reduce difficulties that may occur during actuation-inhalation coordination. [21] [22] [23] [24] Furthermore, spacers can reduce the possibility of local adverse effects, because less of the released drug deposits in the oropharyngeal cavity and substantially improve dose delivery to target organ-the lung. 21, 25 Indeed, recent guidelines clearly recommend the use of spacers with MDI for young children. 1 The aim of the present study was to compare the pharmacokinetic (PK) characteristics of the active metabolite des-CIC of ciclesonide (des-CIC), when ciclesonide was administered to children with asthma via MDI-HFA with and without spacer (AeroChamber Plus TM ).
Materials and Methods ethics
The study was approved by the responsible ethics committee (Ethics Committee for the Institute for Health Protection of Mother and Child Dr. Vukan Cupic, Novi Beograd, Serbia) and was performed as a single center study in the above Institute in Serbia. The study conformed to the Declaration of Helsinki (Somerset West Amendment, 1996), Note for Guidance on Good Clinical Practice (CGMP/ ICH/135/95). Before the study start, each parent, or legal guardian gave written informed consent to participate in the study.
Patients and study design
A total of 37 pediatric patients with mild to moderate stable persistent asthma (24 boys and 13 girls, age range 6 to 11 years) were enrolled into the study (Table 1) . The study had the following design: open label, randomized, three-period cross over, and repeated dose.
The study consisted of a screening examination, three 7-day treatment periods, and an end-of-study examination. Ciclesonide was administered once daily in the morning during all treatments. Treatment A: inhalation dose of ciclesonide 160 µg by MDI with spacer; Treatment B: ciclesonide 80 µg by MDI with spacer; and Treatment C: ciclesonide 160 µg by MDI without spacer. There was no washout period between the treatments, because on Day 1 of each treatment period no pharmacokinetics were performed and after each treatment period a steady state conditions could be assumed. Ciclesonide with an HFA-MDI (Alvesco ® ) was supplied by Nycomed GmbH (formerly Altana Pharma AG); the AeroChamber Plus TM spacer was purchased from Trudell Medical International ( London, ON, Canada).
Patients were screened within 2 weeks of study start. The investigator instructed each patient and parent/guardian on how to correctly use the inhaler/ spacer by using a placebo MDI. Throughout the entire study, the patients used their usual asthma medication in addition to the study medication. The usual medication was ICS (not more than 200 µg/d fluticasone propionate or 400 µg/d beclomethasone dipropionate or 400 µg/d budesonide), and/or leukotriene modifiers and/or short acting β2-agonists (such as salbutamol). The usual medications (except short acting β2-agonists) should have been taken at a constant dose for at least 4 weeks prior to start of study and during the study; daily time and mode of administration remained the same also when study medication was used.
For the present study, patients were allocated to a treatment sequence according to a random list and inhaled the first dose of the study drug with the guidance of a study nurse. After 6 days of using the treatment at home, the patients returned to the study centre at −13 h before the next drug inhalation and pharmacokinetic evaluation on Day 7. The study was completed with an end-of-study examination that was performed within 1 to 7 days after the last inhalation of the study drug.
Main inclusion criteria
The main inclusion criteria were: patients (male or female), aged between 6 and 11 years (inclusive), with a history or current stable persistent mild to moderate bronchial asthma consistent with the GINA 2004 classification, requiring regular treatment with ICS, and/or leukotriene modifiers and/ or short acting β2-agonists (salbutamol) as needed (FEV 1 . 60% of predicted in children not treated with inhaled corticosteroids and .80% of predicted in children treated with inhaled glucocorticosteroids at least 4 h after use of short acting β2-agonist.
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Main exclusion criteria
Patients were not eligible for the study if, according to the investigator/sponsor, they were diagnosed with any disease (with the exception of asthma) that might have interfered with study-related procedures or interpretation of the study results; had history of upper and/or lower respiratory tract infection or asthma exacerbation within 4 weeks prior to screening visit; had history or current evidence of clinically relevant hypersensitivity to drugs or food (except allergic asthma and rhinitis).
study assessments
On the days before the pharmacokinetic profiling, patients reported to the clinical ward in the evening and were confined until completion of the 24 h blood sampling. In the morning of the study days for pharmacokinetic profiling, an indwelling cannula was inserted into a forearm vein to allow repeated blood sampling.
Treatment compliance
On Day 1 and Day 7 of each study period, patients inhaled ciclesonide under the supervision of the study nurse. During the ambulant treatment period, compliance was confirmed by a daily telephone call and additionally the patients documented intake of study drug in the patient's diary. Starting at the screening visit, the patients recorded into the dairy, the daily PEF measurements (using the Mini Wright # Patients were using their usual asthma medication including ICs. Abbreviations: ICs, inhaled corticosteroids; n, number of patients in analysis set; sD, standard deviation; min, minimum; max, maximum.
Peak Flow Meter
® provided by the sponsor), number of puffs of rescue medication, and asthma score.
Blood sampling for determination of pharmacokinetic parameters
For the determination of serum concentration of ciclesonide and des-CIC on Day 7 of each treatment period, blood samples (2 mL) were taken via an intravenous catheter, at pre-dose, 0.5 h, 1 h, 1.5 h, 3 h, 6 h, 9 h, 12 h, and 24 h after inhalation. Blood samples were taken into tubes with serum clot activator (e.g. Vacuette ® , Greiner). Immediately after blood collection, the blood samples were placed at 5 ± 3 °C for up to 90 min to allow clotting and centrifuged at 4 °C at 2,200 g for 10 min, to obtain serum. The serum samples were transferred into polypropylene tubes, transported on dry ice, and stored at −70 °C until analysis described below.
Bioanalysis of ciclesonide and desisobutyryl-ciclesonide (des-CIC)
Serum concentrations of ciclesonide (the parent compound) and des-CIC (the pharmacologically active metabolite of ciclesonide) were determined on 300 µL of serum, using a validated high-performance liquid chromatography method with mass-spectrometric detection (HPLC-MS/MS), at the Department of Bioanalytics (Nycomed GmbH, Konstanz, Germany). The assay was linear in the range of 0.01 µg/L and 2 µg/L. The lower limit of quantification (LLOQ) for both compounds was 0.01 µg/L. For ciclesonide, the inter-day precision (between-day coefficient of variation) ranged between 2.7% and 6.0%. Inter-day accuracy ranged between 97.6% and 100.5%. For des-CIC, the inter-day precision ranged between 2.5% and 5.4% and inter-day accuracy ranged between 97.2% and 101.7%.
safety investigations
Safety investigations included: monitoring of adverse events (AEs) throughout the study. Clinical laboratory evaluation (blood chemistry, hematology, urine analysis), physical examination, and vital signs (blood pressure, pulse rate, and body temperature), were monitored at the screening examinations, Day 1, Day 7, and end-of-study.
Pulmonary function tests (FEV 1 , FVC, and PEF) were performed at screening, Day 1 and Day 7 (predose) of each treatment period, and at the end-of-study visit, according to the standards set by the American Thoracic Society (ATS) and European Respiratory Society (ERS) Task Force.
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Primary and secondary objectives
The primary objective of the study was to characterize on Day 7, the steady-state PK of the active metabolite of ciclesonide (des-CIC). The primary PK parameters are the area under the curve over the dosage interval τ (AUC τ , where τ is 24 h ) and the maximum serum concentration (C max ) of des-CIC, after inhalation of ciclesonide at two dose strengths via MDI, with the spacer (AeroChamber Plus TM ) compared with inhalation of the reference dose without a spacer.
The secondary objectives of the study were for des-CIC: AUC from time zero to last observed concentration (AUC 0-last ), time to reach maximum serum concentration (t max ), and elimination halflife (t 1/2 ); for ciclesonide (parent compound): AUC τ , AUC 0-last , C max , t max , and t 1/2 .
Data analysis
After inhalation of the study drug, the PK parameter estimates of ciclesonide and des-CIC were obtained by a non-compartmental analysis approach, using WinNonLin, version 4.0.1 (Pharsight, Mountain View, CA, USA). The observed serum C max , and t max were obtained directly from the source data.
Estimates of AUC 0-last were obtained using linear trapezoidal integration up to the last sampling point. Estimates of AUC τ were derived by AUC 0-last + C last /λ z up to the 24 h time point (where C last denotes the last quantifiable serum concentration).
Based on previous experience from PK studies, it was anticipated that only a limited number of samples would contain des-CIC at concentrations above the LLOQ of 10 ng/L, an aspect particularly relevant during Treatment B when ciclesonide 80 µg/d was used. To avoid the possibility that a single intermittent measurement above the LLOQ was declared as the maximum concentration, the C max was determined only if after the inhalation at least three neighboring serum concentrations exceeded the LLOQ. For a reliable calculation of AUC τ , the extrapolated areas were less than 20% of the total AUC.
The focus of the PK analysis was on descriptive statistics. If at least 15 patients had paired values for Treatments A, B, and C for either of the variables AUC τ and C max , an analysis of variance (ANOVA) was performed using the 90% confidence interval (CI) for the ratios of the least-squares means [(LSM)
For the ANOVA, sequence and period were considered as fixed and patient nested in a sequence as random effect, resulting in a 90% CI for the ratio of the expected means. Each PK characteristic was log-transformed prior to analysis and for each log-transformed variable, a 90% CI was computed for the difference of means between the treatments under comparison. The limits of the 90% CI on the log-scale were log-transformed, whereby the confidence limits on the original scale for the ratio of geometric means were expressed as percentages.
Results
Patients
A total of 37 pediatric patients (24 boys and 13 girls; median age 8 years age range 6 to 11 years; median weight 34 kg, range 20 to 53 kg) with mild to moderate stable persistent asthma were enrolled into this single centre study. The demographic and baseline characteristics are summarized in Table 1 .
Of the 37 patients who enrolled into the study, 36 completed the study according to the study protocol; 1 patient discontinued the study prematurely due to an adverse event (asthma exacerbation after an overall 5 days in the study, receiving Treatment B during the first administration period), described below in the section 'Safety and Tolerability'. Three patients were classified as protocol violators (1 patient due to premature study discontinuation, 2 patients for inhaling the study medication at the incorrect time on kinetic day and due to missing serum samples following inhalation). For pharmacokinetic evaluation, these patients were excluded from the per-protocol analysis. For des-CIC, the data for the per-protocol and intention-to-treat population were very similar.
Pharmacokinetics
The inactive parent compound ciclesonide The serum concentration time profile for the parent compound ciclesonide after a 7-day repeated once daily dose of ciclesonide 160 µg with spacer (Test Treatment A), ciclesonide 80 µg with spacer (Test Treatment B), and ciclesonide 160 µg without spacer (Reference Treatment C) is shown in (Fig. 1) . Serum concentration-time profiles of ciclesonide (broken line) and des-CIC of ciclesonide (solid line) measured on Day 7 at steady-state of each treatment period in 6 to 11-year-old pediatric patients with stable asthma (per-protocol population). Patients were allocated to a randomized treatment sequence. After using the treatment at home for 6 days, the patients returned to the study centre, before the next drug inhalation and pharmacokinetic evaluation on Day 7. The lower limit of quantification (LLOQ) for both compounds was 0.01 µg/L. shown are Mean and standard error of the Mean.
Due to the low systemic absorption of ciclesonide and consequently limited number of time points for serum concentration of ciclesonide, the concentrationtime profile curves could be described only for the first few hours following inhalation. For Treatment A and C, the serum concentrations of ciclesonide were detectable for up to 3 h. For Treatment B, the serum concentrations were measurable for only up to 1.5 h (Fig. 1) . The values for mean ± SEM for C max were 0.192 ± 0.022 µg/L (Treatment A), 0.096 ± 0.007 µg/L (Treatment B), and 0.117 ± 0.019 µg/L (Treatment C) (Fig. 1) . For all three treatments, the t max values were observed at the first available time point after inhalation (0.5 h).
The active metabolite des-CIC
The serum concentration-time profile curves for the active metabolite des-CIC are shown in Figure 1 . After inhalation of 160 µg ciclesonide (Treatment A and Treatment C), the serum concentration-time profiles curves were obtained up to 12 h. After inhalation of 80 µg ciclesonide (Treatment B), the serum concentrations of des-CIC were low and detectable for up to 6 h. After inhalation of ciclesonide without a spacer (Treatment C), the mean serum concentrationtime profile curve for des-CIC was in between the two curves obtained for Treatment A and B (Fig. 1) .
The evaluated PK parameters for des-CIC are summarized in Table 2 . After inhalation of ciclesonide with spacer (Treatment A and B), both the C max , and AUC τ showed a linear dose proportional increase. Furthermore, the variability (reflected as the standard error of the mean [SEM]) for the primary pharmacokinetic parameter C max and AUC τ des-CIC was similar when the inhalation was performed with spacer (Treatment A) or without spacer (Treatment B) ( Table 2) .
The results of ANOVA for the ratios of treatments (Test/Reference) and the 90% confidence intervals are shown in Table 3 . Based on the dose normalized values for AUC τ , inhaling either 160 µg or 80 µg ciclesonide with spacer led to an exposure of des-CIC that was respectively, 27% and 26% higher than after 160 µg inhaled without the spacer; the dose normalized C max values were slightly higher with spacer (55% to 63%) than without the spacer ( Table 3) .
As shown in Table 2 , the t max of des-CIC was similar for all treatments (0.7 h). The mean half-life (t 1/2 ) of des-CIC was shorter for Treatment B (1.78 h) compared with Treatment A (3.19 h), and Treatment C (3.02 h). This is likely to be due to the lower dose of ciclesonide used during Treatment B and the subsequent incomplete serum concentration time profile, whereby the t 1/2 represents a mixed distribution/elimination phase.
Lung Function
The lung function did not change to any relevant extent between screening, Day 7 of each treatment period, and study end. The values (mean ± SD) at screening and study end for FEV 1 [L] were 1.81 ± 0.44 and 1.76 ± 0.42, respectively. Values for FVC and PEF were similar at study end and study start.
safety and Tolerability
Safety of ciclesonide was monitored during the entire study as the occurrence of adverse events (AEs). # n, 32 for this value; ## n, 29 for this value; AUC τ , 100%; AUC last , includes more than 80% of AUC τ Abbreviations: C max , Maximum serum concentration; AUC, Area under the AUC τ ; AUC over the dosage interval τ (at steady-state); AUC 0-last , AUC from time zero to the last observed concentration.
During the three treatment periods, 24 patients reported a total of 31 AEs. The intensity of all but one of the AEs was mild or moderate. All AEs resolved completely and all were assessed as 'not related' to the study medication (by investigator and sponsor). No clinically relevant abnormalities in laboratory values were observed. The administration of ciclesonide with or without spacer was well tolerated.
One patient experienced a serious AE (asthma exacerbation) after receiving ciclesonide 80 µg with spacer for 5 days (Treatment B). The event was assessed as 'not related' to the study medication (investigator and sponsor). The patient was withdrawn from the study and after treatment (with intravenous methylprednisolone, inhaled salbutamol, and oxygen), recovered by the 6th day without sequelae.
Discussion
Ciclesonide, is a new ICS delivered via HFA-MDI, which has been shown to be effective and safe in clinical studies with adults and children. 7, 12, 13, [15] [16] [17] [18] [19] [20] 28 The study presented here is part of a drug characterization program for ciclesonide to evaluate the effect of a spacer (AeroChamber Plus TM ) on the PK parameters in children with asthma (6 to 11 years old).
According to the current GINA guidelines, monotherapy with ICS is the first-line treatment for adult and children with persistent asthma. [1] [2] [3] If the inhalation technique is not optimal, the inhaled drug either does not reach the lung or only in variable quantity and the drug is likely deposited in the oropharyngeal cavity. The use of a spacer, fitted to an MDI, is recommended for patients (such as young children or elderly) who may have poor coordination with the actuation-inhalation technique. 1,2,21-24 Results of systematic studies on the effect of spacer attached to the MDI have shown that for some drugs the use of a spacer leads to an increase in pulmonary deposition, which in turn may translate into a better clinical effect of the drug and to a decrease in the oropharyngeal deposition which may lead to an improved safety with fewer adverse reactions. 29, 30 These aspects have implications on the possibility to adjust (reduce) the administered dose of the inhaled drug, which is particularly relevant for patients that require maintenance therapy.
In the present study, ciclesonide was inhaled once in the morning, using therapeutic doses with and without spacer, attached to the MDI. The study consisted of 3 treatment period of 7 days each (Treatment A, B, C), with PK parameters measured on Day 7 of each treatment period (at steady-state). The focus of the study was on the steady-state PK parameters of des-CIC (the active metabolite), rather than on the parent compound ciclesonide. This is because ciclesonide has only about 1% of glucocorticoidbinding affinity and does not possess any relevant glucocorticoid activity. For the ANOVA, sequence and period were considered as fixed and patient nested in a sequence as random effect, resulting in a 90% CI for the ratio of the expected means. each PK characteristic was log-transformed prior to analysis and for each log-transformed variable, a 90% CI was computed for the difference of means between the treatments under comparison. The limits of the 90% CI on the log-scale were log-transformed resulting in confidence limits on the original scale for the ratio of geometric means expressed as percentages.
For the PK parameters of des-CIC, it was shown in the present study that inhaling ciclesonide with spacer led to a dose proportional systemic exposure (AUC τ ) of des-CIC (0.316 ng*h/mL for 80 µg dose and 0.663 ng*h/mL for 160 µg dose). The dose-normalized systemic exposure (AUC τ ) of des-CIC after the inhalation of ciclesonide (80 µg or 160 µg) with spacer was 27% higher than without spacer. The corresponding dose-normalized results of des-CIC for C max showed an increase of 55% to 63% with the spacer than without the spacer (Table 3) . Such an increase in the AUC τ or C max of des-CIC is minimal in comparison with other drugs 29, 30 including fluticasone propionate (Advair HFA), which had a reported increase of 406% for the AUC 0-last and of 210% for C max with spacer. 31 Therefore, based on the results of the present study with ciclesonide and in comparison with recommendations used for other ICS, the observed increase in the AUC τ and C max for des-CIC with spacer is slight and does not warrant dose adjustment of ciclesonide HFA-MDI in children.
Results of studies in adults with asthma who have good inhalation technique have shown that lung deposition of ciclesonide inhaled via HFA-MDI without a spacer have a median lung deposition of 53.2%. 4, 5 Compared with other therapeutically used ICS, this is a very high proportion of drug reaching the lungs, including the small airways and alveoli; little of the inhaled ICS is deposited in the oropharyngeal region, reducing the chance for oropharyngeal side effects. 4, 21, 22, 24, 32, 33 For ciclesonide, unlike for other ICS, oropharyngeal deposition of the active drug is low because ciclesonide is an inactive parent compound 9, 34, 35 with little activation occurring in the oropharynx. 10, 35, 36 Ciclesonide is activated predominately in the airways upon conversion by esterases to its major pharmacologically active metabolite des-CIC. 9, 34, 35 Once deposited in the oropharynx, it will be swallowed and may enter to the systemic circulation. However, because the oral bioavailability of ciclesonide and des-CIC is less than 1%, swallowed drug is not likely to contribute to any kind of systemic adverse events.
In the present study, the serum concentration of ciclesonide was detectable for only about 3 h after inhalation, despite the use of a highly sensitive detection assay. For des-CIC, the serum concentrations were observed for up to 12 h after administration, at which time the concentration values were near the lower limit of quantification. These data indicate that a once daily administration of ciclesonide to children does not lead to systemic accumulation of either ciclesonide or des-CIC, whether inhaled with or without a spacer. Furthermore, based on these data from once daily administration, it could be postulated that twice daily administration of ciclesonide would lead to similar PK profiles without any accumulation of the parent compound or the active metabolite. The AUC τ could be expected to be similar for a dosing interval tau (τ) of 12 or 24 h.
No clinically relevant abnormalities were observed during the study; one serious adverse (asthma exacerbation) was reported, which resolved after treatment. The event was assessed as 'not related' to the study medication; the patient recovered after 6 days without sequelae. A few patients reported adverse events that were mild or moderate in intensity; all events resolved completely and all were assessed by the investigator as 'not related' to ciclesonide. The safety results are consistent with those of other clinical studies with ciclesonide which confirmed good overall safety profile in adults and children treated for asthma. 7, [16] [17] [18] [19] [20] Results of the present study with children regarding the effect of a spacer are in agreement with an earlier study with adults. 37 In that study, inhalation of ciclesonide via HFA-MDI with spacer (AeroChamber Plus TM ) did not influence the PK of the pharmacologically active metabolite des-CIC. 37 Moreover, the present data are supported by the population pharmacokinetic studies which have shown no age-related differences for the PK characteristics of des-CIC. 38 Collectively, the PK results of the study with adults and the present study with children could be extrapolated to elderly patients with asthma who may require a spacer, suggesting that a dose adjustment of ciclesonide HFA-MDI is not required when using a spacer.
In conclusion, the results of the present study showed that in young children, inhalation of a therapeutic dose of ciclesonide with or without spacer attached to the HFA-MDI had no effect on the safety of ciclesonide. The use of spacer led to a slight increase in the systemic exposure of des-CIC, which does not warrant dose adjustment. 
